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\ (S4) TltlCJ EXTRUSION MOLDING PROCESS 




< 

s 

95 fST) Abstract: A molding process i» disclosed In which att extruded column (22) of plastic is introduced Into a mold cavity having 

2 Xn^utive air precis applied to the exterior of five elt oded column to oW the extruded column into «nt«ct with the ento 
<=> ^J^Ufil. Jthe »cM X to n^duce a m^ded article. The fevcmian can also include a step of cording multiple type, 



ofthe moid cavity, to 



Oof plastic renting' in an extruded column having multiple layers, to produce a molded wtfele having multiple layer*. The jx*sent 
™. . . T*. ^ ..... 1__ ^ feto theextrodedcolamn at a predetermined position so that It will 



^ method also tacmdes a Step of internally Inserting b component into me emonea «i 
wid up nt a prBdeterrrun«i position of the molded article after the molding procea*. 
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Qgg g Inference to , F rtlflte<1 AnnHcaMons 
Hie present application claims the benefit of U.S. Provisional Applicatiott 
s 60/285,196, filed April 20, 2001 and U.S. Provisional Application 60/313,960, filed 
August 20, 2001. 

BgdgBBBifflji *fy invention 
The present invention is directed to the field of extrusion molding technology, 
10 particularly for fashioning large articles. Various molding processes are known for 
fashioning articles of polymer materials, such as blow molding. In a Wow molding 
process, a "parison" (La tube of extruded plastic) is extruded into a mold, and bJgo- 
prcssure air is blown into the mold to force the plastic to die edges of fiw moldcavily. 
It is known to use a continuous high-speed, high-vohnno blowing molding process for 
15 bottles. While such a blow molding process is perfect for making small parts like 
bottles, it is absolutely unsuited for making large plastic parts, such as a plastic pallet, 
because of its many limitations. When blowing a large plastic part, such as a plastic 
pallet there will be too many areas of uneven stretching, especially for corners, edges 
and deep draws, resulting in extrernely weak structural integrity. Also, in order to 
10 blow out a large part, the extruded parison in this process must be of a very large 
hamster, which creates certain physical limitations. The extruded parison wiU havs 
walls too thick to be properly blown out by the blow molding process, and the 
concentrated weight of the plastic will create sagging and elongation. Also, a high 
level of inconsistency is encountered in the finished product. 



i 
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It is often desirable to add color to a molded product. Under the standard 
process, color or pigment must be incorporate into the entire polymer. However, 
tto approach rcaulte in excess cost since * pigment medium requires a higher quality 
plastic material, either virgin or high quality recycled plastic. Thus, the entire part 

s must be made up of higher cost material, and it would not be possible to use a less 

BxpcnHive typo of recycled plastic. It ia known to use nrolttple layers In blow molding 
small parts such aabotUe^- For example, plastic bottles for food products may have 
anultraviolet-blocking layer to preserve food freshness and increase shelf life of a 
product It may also bo desirable to add a colored pigment layer to a product to avoid 

io the above-indicated difficulties. However, ilia not feasible to use a multiple layer 
process in the nranuiacture of most large objects. It is known that such a multi-layer 
process can be successfully in making large objects that are of a simple, generally 
round shape, for example applying a color layer in the manufacture of trash cans and 
barrels. However, this process for making toe objects is in most cases mtermittent 

is and not contirrnous, requiring considerable handling and special steps by 



It ia known to mamifacture large objects euch as plastic pallets on a limited 
basis with a blow molding process. However, this process is also intermittent and 
ncai^contirinous, requiring considerable handling and special steps by manufacturing 
personnel. Also, many other problems are associated with this process. The pallet- 
making process is necessarily a single-layer process, where the article can only be 
formed of a single layer of plastic, and does not allow using multiple layers. Thus it 
is difficult to obtain the benefits and flexibility mat would result tram controlling 
t, including strength, weight, color, cost and level of anti-skid 
t, fire retardancc, barrier protection, UV protection and recycle content of 
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Stato difficulties are encoimW in providing a fit^^retardajxt plastic pallet 
Fiio-rtrtaidant material is very expensive, and ti» blooded resin cost* over four times 
that of a standard polymer without the foe-retmdant additive. The r« 8 in with tic Cre- 
retardant additive ib extremely heavy, making it undesirable and unsuitable for 
shipping and handling because of potential for injuries. Also, dw resulting product 
with die additive is very brittle and breaks and cracks very e wily, resulting in reduced 
stt^andashortuaeMlife. Because of the high quantity of additive required, the 
plastic part is not suitable for recycling, further limiting the incentive to a widespread 



Other issues are important in the marai&cture of pallets and other large molded 
Items. On one hand, it is important to provide as much mechanical strength as 
possible. On the other hand, it i* deairabte to provide impact Stance. Tbia is often 
accomplished by making pteadc products of structural Sum. However, in the 
structural foam process the foaming baa to be don, throughout the product and may 
require a certain amount of sacrifice in rigidity and mechanical strength. Brother 
applications, a harrier between the inside content andthe outside environment is often 
a crucial feature in certain type of product One obvious example h the gasoline tank 
v^cd in an automobile. Barrier materUOs in almost all caaea are very eapensivc. 
Moreover, depencling on me type of barrier materials used, they could have problems 
with being too heavy or too rigid. Products tor some markets may rr*nnre an anti- 
static feature. Some of the common induBtriea reqmrc an arm-static feature, such as 
the chemical industry where static can spark and thereby create a fire hazard, and the 
electronic industry with sensitive electronic components that static electricity may 
interfere or damage. Anti-static additives am again expensive and result in penalties 
m physical propertiea. 
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fo atypical extmaedpolymsrrnoldmg process (including blow molding, and 
other type of profile extmsian with liolbw core,) it has been difficult to perform steps 
of in-filling Of material^ and/c-r fibers to the inside of column for enhanced physical 
properties, including higher strength, better impact resistance, better fiexural 
5 properties, and higher tensile strength. The difficulties with such in-filling of 

material^) and/or fibers limits the type of polymer products that can be mannfiictured 
and restricts Ac innovation and design of polymer products that could have been 
made as preferable alternative to the replacing of existing utilities, including the 
rnaking of a polymer structural post or other types of polymer support structures . 
l0 The in-fill of foamed material offers polymer parts that are more impact 

resistant, high in insulation value, and high in tensile and flexural Btrength. However, 
m typical molding processes, the m-fillmg of materials including foamed material into 
the internal cavities of a molded product is a very cumb^mc, costly, and slow 
process, and offers lees than ideal quality in the finished product A common process 
15 where in-filling of material generally takes place is rotational molding and/or 
nrethane batch mixing and filling, which is an expensive and slow process. 

In utilizing typical molding processes, it is known that when fibers (natural or 
synthetic) like fiberglass or hemp are introduced into polymer and sent through lie 
molding machine system (such as but not limited to extruders, accumulator, injection 
20 port etc.,) the fibers have a natural tendency to align themselves in the same direction. 
This tendency for fibers to line up creates undesirable consequences, including the 
lowering of maximum strength, tensile and flex potential, and the increase in surface 
cracks andbrftttenesB for the fibers embedded polymer. 

In a typical molding procesa, it would be dosirable if a color or dear stripe 
2s could be applied or embedded into a molded polymer product for identification or 
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aesthetic purposes. However, such a striping system is not available for products that 

g as described above. 



5 Hie difficulties and drawbacks associated with previous methods and products 

are overcome by the molding pmce** of the present invention hi which an extruded 
column of plastic is Introduced into a mold cavity having a predetermined surface 
profile. A region of negative air pressure is created maide the mold cavity, exterior to 
me extruded column. The negative air procure is applied to die exterior of the 
10 extruded column to draw the extracted column into contact with the entire auxihec 
profile of the mold cavity, to produce a molded article. The invention can also 
include a step of co-extruding multiple types of plastic resulting in an extruded 
column having multiple layers, to produce a molded article having multiple layem 
The present method also includes a step of internally inserting a component into the 
is extruded column at ara^eteriair^dpoaition so that it will endup at ap^etemhned 
position of the molded article after the molding process. 

As will be realized, the invention is capable of other and different 
emtodimente and Its several details are capable of modifications in various respects, 
all without departing from the invention. Accordingly, the drawing and description 
20 axe to be regarded as illnsirative and not restrictive. 

Bgl efBaaiBgffla ofthe p™^™ 

Figs. 1A, IB and 1C respectively show an exemplary extrusion machine and 
aide and cwss-scctional views of an exemplary extrusion head that can be used far the 
25 procens and article produced therefrom, in accordance with the present b 
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Jig. 2 is a top view of a pallet product maimfectatedby the process ofihe 



5 Mgs. 3 A, 3B, and 3C are oblique pbjurtom views showing internal details of 

the pallet product rnanufectaed by the process of the present invention. 

Hgs. 4A, 4B, 4C, 4D are respective top phantom, aide-sectional, detail and 
oblique views of the pallet product maitofectoted by the process of the present 
10 invention. 

figs. 5 A, 5B, SC, 5D are respective aide-sectioiuu, oblique, bottom and 
bottom sectional views of the pallet product mnnufectured by the process of the 
present invention. 

15 

Ijgteggji Dggcrjgjofi BCtteE tnv*»ptf«ffl 
The present invention will now bo described with particular refereoee to the 
drawings where it is understood that like referent numerals refer to like elements in 
all the figures. The present invention is directed to a process for forming large objects 
20 having multiple layers, to obtain many benefits unobtainable with raevioiw processes. 
The problems of previous systems are overcome hi the present invention due to the 



careful control of positive and negative pressures, both within the c 
and in the mold cavity external to die extruded celunm. The present process is also a 
contiiuious process tiiat reduces material handling end increases productivity. The 
23 full machine process includes the feeding of plastic material^ and the extrusion of 
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to materials through a irrultUlayer extrusion head. A cowtijaiaus aauJti-layer 
extruded column is produced having one or mow layers aa necessary to satisfy the 
functionality requirements of the particular application. Theprooesa also includes an 
internal insert!^ A 
continuous rotation mritiple-mold *heel is employed, with a stamping and conveying 
These process steps and features will bo described below in greater 



5 



The present process preferably produces a multiple layer product, but is by no 
means limited to me same. In applications where a multiple layer product is desired, 
a molding machine including multiple hoppers will he employed, with each hopper 
fuimcling on* or more material into an extruder dedicated for each layer, tame case 
of a single layer product, all but one hopper/«rtmdcr will normally be turned off. 
Each hopper is equipped with ratio device meters to control the<pumtity of intake 
rrmteriala entering each of the hoppers. The metering could be based on ratios in 
w«ght or volume, and the material or materials can be a combination of Squids, 
flakes, pellets, concentrates, powders, and pre-meltcd plastics. The types and the 
ntrmbers of extrusion stations are dependent upon the mncuonaUties and the types of 



Fig. 1A shows en exemplary depiction of an extrusion and nwldmgn 
20 10 in accordance with the present invention. The present machine 10 includes one or 
more extruders 12 mat can be optionally selected from different size extruders 
depending on the desired extrusion volume and the type of polymer material. The 
extruders 12 include one or more extruder screws for providing an extruded column 
ofpolymer. The extruder screwa can each optionally bo a double screw 14 or a single 
25 screw 16, depending on the physical properties (c.g. viscosity, etc.) of the specific 
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type, of polymer materials to be extruded. IT* extruders 12 .uch include eacxtnider 
motot 18 sobs to drive fee extruder screws. 

As especially shown in detail in Figs. IB and IC, the prosit iwchijiv 10 
includes an extrusion head 20 for receiving the output of the various extruders 12 and 
5 p ro dnci^amulti-kyere^dooluma22. Of course, it is xmderstood that u single 
layer extruded cohnna could also be extruded without departing from the invention. 
The extrusion head 20 ii^ludes a body portion 28 preferably having a plurality of 
concentric column cavities 26, where each cavity 26 extrudes material from each 
extruder 12, so a* to create the multi-layer extruded column 22. The extruded 
10 column 22 is extruded teto one or more nnrchine molds 24 where a molded part is 
formed. 

As special features oftha mvenuon, the present muuhine 10 and extrusion 
head 20 rurttier include an internal insertion mechanism 30 for inserting an object into 
the polymer column. A physical meclnnusrn 32 is also provided for creating strip* 
15 within the exuuded polymer column. A striping meebnaisoi 34 is provided for 

attaching stripes to the extruded polymer cohrmn. A fiber mixing zone 36 is provided 
for random fiber aUgnment An hiternal material applicator 38 is provided for the 
application of internal materials. Separate stage raj ection raimer ports 40 are 
provided for separate stage injection. These components will be discussed in greater 
20 detail below, with respect to the specific applications. 

The present miiMple-Iayer extruder produces an extruded column 22 of 
plastic preferably having multiple layers arranged concentrically mound the axis of 
the extruded column 22. The multiple layers of the extruded column 22 can have 
' « geometric cress-sections, preferably of circular or oval cross-section. The 



9 
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multiple layers can be extruded so as to result rn predrtoraiined variations in layer 
thicknesses across horizontal, vertical and/or diagonal croas-secraorvs. 

The extruded column 22 is extruded continuously into a mold cavity of the 
rrmchine mold 24, As the column * being r^ndrrarmsly extruded, it will preferably be 
5 cradled onto a mold having at least two sections that close around extruded 
cotamm The mold is preferably one of several molds mounted on a connmiously 
rotating wheel, in order to provide a contiiruous marurfarrtrunrg procem However, it 
should be ar^raciated that the process could be easily enrployed in a roon^mtmuous, 
single-mold system, without departing from the invention. 
10 Aa the mold closes un die extruded cofcrnm air is supplied axially through the 

center of the extruded column, andnuuntaiaedat armnimal positive air pressure 
sufficient to offset the weight of the extruded column to prevent the column from 
collapsing. As die extruded column enters the moid, a vacuum is pulled within the 
mold oavity to mold the column tote Bhape. The mold includes a plurality of vacuum 
15 porta placed at specific strategic locatiouB to draw a negative pressure around the 
e^crior of the extruded column to draw column into the corners and edges of the 
mold, and also all the nooks and czarmies of the mold cavity. The vacuum ports 
B specific regions within the mold having different negative presaures. Areas 



direction, while areas of lesser vacuum produce leaser draw. At the same time as 
negative air pleasures are selectively applied to the exterior of the extruded column, 
positive air pressure is applied irderrudly to the extruded column. In to way, the 
internal wrnpression inechanism is combined with an external vacuuming to provide 
oor^al pressure rnainterumce in order to carefully mrodpulate the product into the 
final desired ahape, 
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To maintain maximum wall tbicknesa and to shengta the outside edges, the 
rooms and thr extruded cohiomflrcd^gncd to have "flash" or "no flash" around the 
finish products. In situations where "no flask" ia desired, either for cosmetic or 
functional reasons, the molding mechanism will he designed to required minimal to 
no stretching. In a traditions! blew molding mechanism, the edges and comers are 



blown out with pressure and inadvertently stretched thinner, creating areas of 
struetoral weainesa. However, since no internal pressure loads are applied against the 
flash line, mis problem does not occur in the present process. In fact, with the present 
process, the flash lines are somewhat thicker and thus stronger, and pose no risk as 
mechanical Mure points as can happen with a blow molded product. 

By carefully controlling internal and external air pressures, the extruded 
column is drawn into the desired shape while retaining the desired thickness of 
each of the multiple layer*, without deforming the thickness or distribution of the 
layers. Thus, control ia estabKahed to insure that no regions ate created where the 
walls of the finished product are too thick or too thin. 

Also, since the pressures may be dynamicaUy changed during the process, it is 
possible to create a finished part having a internal full cavity, partial cavities, or no 
cavity at all. Such internal hollow cavities serve several tunctiona. The overall 
weight is made mnch lighter while simultaneously providing unproved mechanical 
strength. This provides for ease of handling and potential reduction of workplace 
related mjuries. Also, cost as a function of rnaterial used is also reduced, rhntfaer, 
trapped stagnant cavities are extremely effective for inflation purposes, rnaking it 
ideal when manuiactining boxes and totes for food arm drug industries. 

In the manner described above, it should be appreciated mat the present 
process is very different from coevorrticmal "blow molding." By cemtroffiug pressures 
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woo: 

as indicated above, a 'pu^puIT control is established over to extruded column. 
Though a small positive pressure is nmiitoucd inside the column to prevent collapse, 
to present method ia accomplMicd Through to external application of negative 



After the extruded column fills the mold cavity as indicated above, to wheel 
tams to connect to extruder head to the next mold, and the process is repeated 
contmnc^lyintoncxtmold. Am to molded products are continnon,ly cooled and 
released from to molds, toy are conveyed to a subsequent station for de-flashing. 
After to dc-toshing stop, to product is complete and is ready for cnd~usc. 

Tvnem of IflBlflPk Laver* 

As mentioned above, to finished products would preferably include a 
oombxnation of layers, including but not limited to to following types of layers. The 
type* of layers and to denuind made on to extruder can be selected for a particular 
product application, and thereby create a market for cv^tom-rnade products (such as 



f^%/pi pment Layer; With to present multi-layer approach, a thin outside 
color luycr can be applied to to main body portion of the product, which could he 
formed of toxpenswc recycled materials. This fhhi layer is all tot Is necessary to 
sati8f y the color rcquircmcut without subjecting ourselves to to excessive high cost 
of pigmt^-oe^riiig materials. Hua, the color/pigment could be added to any of other 
layer or additive tot could be on to exterior, resulting hi further savings. A normal 
extruder would be used for the extrusion of this layer. 



12 
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ytti-Skld Layer Any anti-skid layer could ba formed around a structural 
body. For example, a linear low density polymer layer could bo added as an anti-skid 
layer to die exterior of an underlying layer (typically high density) of the same 

5 material, For example, a soft, fictional anti-skid layer of low-density polyethylene 
could bo applied over a rigid structural body of high-density polyethylene. Many 
advantages follow fom this application of the present method. The layer is toed 
integrally with no additional labor and fcradling. Unlike previous-type antUfcid 
layers, this type of anti-skid layer will not peel offer separate from the underlying 

10 layers because it is the same polymer base of different density, thus providing a 

perfect bonding. Since these respective layers arc of the same thermoplastic material, 
the entire product is perfectly recyclable. The desiicd motional properties of the anti- 
skid layer osing this approach could be easily adjusted for specific customer 
rtxjuirementa by adjusting the density of the resin, since the Motional property of 

15 resin is a function to its molecular density. The teaulting anti-skid layer is smooth 
and easily washable, thereby conforming with FDA and USD A requirements for 
pallet applications. The anti-skid layer can also be color matched to serve as b color 
layer. A normal extruder woald be used for extrusion on this layer. 

20 Firo-foqtardEuit Layer: Bv applying a firc-retardant layer, the overall cost is 

greatly reduced by providing a thin protective layer that serves the a ame fvn>rctardant 
function without using the expensive additive throughout the entire product The 
layering also eliminates the heavy weight issue. To minimize the hrittleness issues - 
breaking, cracking and structural problems - a special strength layer is formed within 

25 the fire-ietardant layer to provide the necessary additional support needed, or by 

13 
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cnc^solsting it between layers. Since the quantity of firr^ietradant additive used is 
very small wiping only a thm layer, the recyclability of the product remains 
acceptable. A normal extruder will be used for extrusion on this layer. 

5 & S2iS &Lm>r. seating a specific strength layer, two Separate aHpecte of 

technology are apphed. The nmlfi-bryer procefls itotfrnovides additional mechanical 
strength as a well-known inherent property of multiple layers. Also, a specific 
atrength layer canbetaahioned to make the polymer super strong and yet recyclable. 
To achieve the strer^ requirerr^t, long strand fiberglass, nylon strand* and/or other 
10 natural fibers such as hemp are blended into the polymer. The material for tbfelayer 
could be nylon, polyetbytaie, or polypropylene, to or da: to maintain Iwgth and 
integrity of the strands, the extruder would have a downstream feeder that would 
minimize the distance the strands have to travel through the shearing of the screw 
insider th 8 extruder. Another option to introduce a strength layer iB to use nylon alone 
15 aa fiie engineered polymer for mis layer due to its inherent high strength properties. 
The benefits for making this strength layer possible are numerous. The strengih layer 
allows for the compensation of the lower structural strength of the other layers, 
thereby allowing utilization of exotic and unique features and materials to achieve 
functional utilities such as anti-skid,, fire-retardant etc. 

20 

Foam Laver A foam layer can be provided for impact resistance, insulation, 
weight reduction and volume fill. The present multi-layer process provides a desired 
lovol of rigidity and impact resistance by varying the materials and thickness of the 
foam and non-foam layers. An exterior foam layer can also serve as a color layer, 
25 anti-skid and strength layer. Fvrrthonnoro, most of the interior layers have the 
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Gejdbmof^M^^^ot^yoicdma^. Providmg foaming layers 
also serves an additive function Improvement in the insulation factor and weight 
reduction can be achieved taogh a oombin^gn of varying the degree of foaming 
and the thickness of the foam layer. In certain sp=ci£c applications, foaming is 
5 effective for the volume filling of cavities. A foam layer or layers cm also add 
mechanical etrength, providing a favorable mass to strength ratio. There arc two 
typical ways to introduce foam to the plastics. One is to use standard extrude* with 
Chemical foarning agent mixnd in with plastics at the hopper or a downstream 
location. Another way is to have nitrogen gas introduced midway or downstream of 
10 the extruder, lh the event a foam layer is employed a ^ecific pc^dve M preasure 
(of air and/or another material) applied to die extruded column is critical iu preserving 
the intended degree of foaming for the foam lay er and in assuring the intended 
thickness of the layer or layers. 

l5 Rarriar Laver Special iinpervk>^ 

prevent Beeping or movement of content material such as water or solvent through the 
main hody portion. This barrier material can also he combined with a color or other 
layer. A. typical extruder will ba used for this purpose. By being able to use alow 
level of barrier material to ensure a proper barrier, the amount of material cost is 

20 graatiy reduced, especially for a large plastic product. Moreover, depending on the 
type of barrier materials used, snob materials could have problems with being too 
expenaivc and too heavy or rigid if used throughont the whole pari. This would not 
be a problem with the present method, since only a layer of barrier material would be 
required instead ofnsing such a material throughout the whole part. 
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BonfllayEC A bond layer could be provided to bond together layers that may 
ofcerwisc be incompatible and may not bond together well, such as polyethylene and 
nylon layera. In the usee of compatible materials being used between layers that bond 
5 well naturally, there will be no need for this bond layer. A normal extruder will be 
used for this purpose. 



Anti-static Laver Instead of using an expensive anti-static additive 
throughout the product in a traditional plastic molding process, the present method 
provides an outside anti-static shield at a greatly reduced cost. This is a special utility 
flat is very important only to some industries such as the chemical and electronics 
industries. A typical extruder will be used for this purpose. 



TTVT.aver: The present mufti-layer approach allows the incorporation of one 
is or more exterior UV layers to provide for effective protection of the polymer article 
against harmful ultraviolet radiation from the sun. Exterior UV layers offer 
advantages over applying the UV additive to the whole polymer article since a higher 
concentration of UV additive can be added on the outside for a better UV protection 
without any unnecessary degradation of physical properties, Also, a tower 
20 concentration of UV additive could be used on the layrataiediately inside the 
outside layer, thus reducing the level of additive to accommodate the reduced 
penetration of UV below the surface. This results ill a realization of tremendous cost 
savings by conserving the UV-bloddag additive. 



16 
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T . Ha tion lavcr. An filiation layer can b e mcorrxuuted into the prose* 
flayer process so as to allow for superior in^atior, Such ovulation can be 
^tiUzcd as a shield ftom outside heat or cold, or as an internal teat or cold rentier, 
The n*charr*a of insulation could be that of a fbara lay «r, sttgnant cavity layer, 
5 and/or other special insulation rua*ml layer. To achieve the best result, a 

combination of several insulation layers could be used in the same molded article 

c^yd Laven A sound layer can be suruTarly inconToruted into the multi-layer 
approach to achieve efferent sound effect objective* Sound effect kyera include but 
10 arc not limited to anvmd deflection layer, sound accretion layer, sound attenuation 
layer, and sound enhancement layer. Such effect* (and a combuaatioa thereof) can be 
achieved through toe apphcation of different type of rraUenal (foamed or not foamed) 
or cavity layers. Such layers could be on the outeide and/or inside surfaces, as well as 
wMunirdernal layers. To achieve the best result, a combioHtion of several sound 
15 layers could be used in the same molded article. 

Depending on the specific reuuiremcrde of the particular product, such as a 
pellet some of the layers could be combined into one. For example, the color layer 
could be also an antwdrid layer; the fire retardant layer could also optionally be 
20 iiieorporated into the very same layer. P urdicrniora, the strength layer could be 

foamed ornot foamed. I^r^ndm S on the Bpecificatious, all fhe layers could be niad« 
of recycled, widespec or virgin materials. 

Other advantages are obtained with the multi-layer aspect of the invention. By 
employing multiple extrusions, a larger exfruded column can be produced than is 
25 obtainable with a single extruder, renting in a larger finished product. Aa 

contemplated, the present multi-layer process can allow extruaiens in excess of 

17 
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10,000 lb*, of plasti, per hour, thereby resulting in greater production speed, even if 
all the layer* ere Ibrmed of the same material It is alao possible to selectively turn 
off one or more extruders to create a smaller extruded column, in order to select the 
size airspeed of the extrusion. In ihi« way, the present rsrJtHay* proce* provides 
5 flexibility and control not obtainable with previous processes. 



As a distinct special feature of the invention, a device or other component can 
be internally Wted into the finished polymer product by Verting it into or onto the 
inside wall of tire extruded column or even a profile during m^utneture. This device 
can be an RFID (Radio Frequency Identification Device), a bar code or other device 
used for tracking and id^trfying purposes, or to provide any other type of desired 
foucdorrality. The device can also include a solid state microchip containing 
irdbrroatioii that can be hard-coded or enable. The device can atao include a 
transponder, operating with cither an active power supply or through passive 
reflection. The device car operate with a sonomotric or rn^etic read/write system, 
er using optical, radio frequency, or another band of the deetrr^nagrietic spectrum. In 
the present continuous, automated process, the device will be inserted into the inside 
wall of the extruded polymer column during rr^ulhcture. This is preferably 
accomplished by using a rr^tranical arm to pick rip the device and place it through 
an operdng in the extrusion, head and into tire extruded column before the part or 
pre^ucrtisfomied. By properly placing the device in a specific portion of the 
coormded column, the device will end up h the dested part of the finished product 
when the extruded column is mmirrrulated into its rhiiehed shape by this process. 



is 
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Internal Materi a ,^n«Beiitor 

It is b distinct special feature of lie present mventfon to employ ™ "internal 
arterial applicator' 38 positioned through the opening of the extruder head and into 
5 the inside cavity of the extruded polymer column. Hie specific design of the 
ftpplicator 38 can be selectively varied depending on Use types of one or more 
materials and/or one or more fiber types to be applied to the molded part and cn the 
extent of the application. 

In one specific application, an in-fill of foaming material can be employed. 
10 The applicator 38 would preferably be a spindle equipped with feed lines near the (op 
of the spindle feeding nitrogen, chemical or others to material that is passing through 
the spindle system. By the time the foaming material travels through the spindle and 
is spun out through openings in the spindle to the internal wall of the extruded 
column, a layer or a complete in-fill of foamed material would have been successfully 
IS introduced. 

In another aspect of the invention, fiber meterials can be introduced into the 
extruded column. In this enfeodimcnt, the applicator 38 would preferably be 
configured to apply fibers onto the inside wall of the column. In one exemplary 
aspect (to which the invention would not be limited) a chopped spray applicator 

zo could be employed that Bpins to chase the fibers onto the inside wall. 

In Btill another aspect of the invention, an internal application of one or more 
types of thormal set materials can be introduced. In this embodiment, the feed lines 
would be designed to take in A/B motes of chemical, with the thermal set mixture 
being mixed as the mixtures travels down the applicator, and is spun out of openings 

25 onto the internal wall, fonning either an inside layer alone or optionally completely 
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filling out the iatmor volume of the cavity. These internally introduced materials 
^d/ar fiber* provide comidcrable benefit* to the finished product tecluding 
addihonnl strength, impact, flexural and tensile property and other desirable 
properties as would to enabled by the selection of various types of materials. 



5 



In still another further aspect of the invention, a distinct special feature of the 
present invention is provided by a separate injection system equipped with separate 
stage injection nntner porta 40 latched onto the underside of the mold as the extruded 
column 22 is compressed together by dosing molds. As the injection system latches 
onto the mold, injection pins from the system will penetrate through one or more of 
fee polymer walls audio-fill one or more of the internal cavities with one or more 
types of materials. In addition, the injection system is equipped with a self-sealing 
onanism so that when the injection pins are pulled out, the holes are sealed. This 
separate stage injection can be performed in the continuous process or configuration 
of the preferred embodiment, but also in 8 separate or later molding stage after the 
initial molding of the product is already completed. 



In yet another farther aspect of the invention, a distinct special feature of the 
present invention is provided for applications in which fibers are introduced into the 
molten polymer. In this smbodiment, the molten polymer with fibers is pushed 
through a "fiber raking zone" 36 whereby the fibers are randomly aligned Such 
mixing can be achieved in a variety of ways. In one aspect, static mixers of various 
designs could b e incorporated into the extruder head, preferably but not limited to 
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fixers oflhe low shear type. Another would be to provide criascrossiiig finger 
channels into the extruder bead whereby the polymer is pushed through before 
axtr^anfartarto mixing. The concept of random fiber alignment is applicable to 
all polymer molding processes, including but not lunifcd to the multi-layer molding 
5 process, fii such multi-layers process, a -fiber mixing zone" could be created and be 
ideally located in one or more respective column cavities 26 dispensing a fiber- 
embedded layer, at or near the mouth of fire multilayer extruder head 20. 



to an additional aspect of the invention, a distinct special feature is provided in 
a mechanism 34 fm allying one or mote stripes onto the extruded column as it is 
exiting. The one <>r mo^ stripes cau be applied to the outside of die extruded column 
using one or mote contimious ribbons on roller* whereby the one or mom ribboea axe 
preased onto the sfill-^ooUng wall. Alternatively, to provide a viewing window atripc 
to die single layer or molti -layer extruded column, a separate stripe of extrusion 
window material 32 is set imerrupfing through the one or more layers of the extrusion 
■head Depending on the intended purpose of the stripe, clear or color material ean be 
extruding through the extrusion window. For example, a clear window can be used 
to provide e.g. a liquid level indicator in a molded part intended to contain a liquid 

As described hereinabove, the present invention solves many problems 
associated with previous type device However, it will be appreciated that various 
ohaBges in the details, materials and atmiigemento of parts which have been here* 
described end illustrated in order to explain the nature of the invention may be made 
by those skilled in the area within the principle and scope of the invention will be 
expressed in the appended c 
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1. A molding process comprising the steps of: 
5 introducing an extruded polymer column into a mold cavity having a 

predetermined sarfece profile; 

creating a region of negative air pressure inside the mold cavity, exterior to the 

extruded column; 

applying the negative air pressure to the exterior of the extruded column to 
10 draw the exterior of tiie extruded cota into contact witix the entire surface profile of 
flic mold cavity, to produce a molded article. 

2. The molding process of claim 1 further comprising a step of 
staining a prec^temriixed positive internal air pressure within the extruded 

IS column, to prevent the interior of the extruded cotonn from colling under the step 
of applying the negative pressure. 

3. The molding process of claim 2 wherein the positive and negative air 
pressures are oyrmrnMy controlled throughout the molding process. 

20 

4. The roolding process of claim 2 wherein the step of maintaining a 
prDdrtcmiiucd positive- internal air pressure compriaes too step of forming a 
hollow cavity in fee molded article. 



22 
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5. The molding process of claim 1 wherein the negative air pressure is 
dynamically controlled throughout the molding process. 

6. The molding process of claim 1 wherein the stop of introducing an 

5 extruded column comprises a step of co-erirudmg multiple types of plastic resulting 
in an extruded column having multiple layers, to produce a molded article having 
multiple layers. 

7. Tho molding process of claim 6 wherein at least one of the multiple 
10 layers is selected from a group comprising: a strength layer, a color layer, an arm- 

skid layer, a fire retardant layer, a barrier protection layer, a bond layer, a foam layer, 
an anti-static layer, a recycled plastic layer, a UV blocking layer, an insulation layer 
and a sound layer. 

15 8. The molding process of claim 1 wherein the extruded column is 

continuously extruded and wherein the mold cavity is formed within a mold that is 
one of a plurality of molds each having mold cavities, wherein the molds are 
alternately moved into engagement with the extruded column, so as to provide a 
continuous, automated molding process, 

20 

9. The molding process of claim 8 wherein the plurality of molds arc 
supported on a continuous support mechanism. 



23 
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10. Tn© molding process of claim 9 wherein the continuous support 
mechanism compiles at least one of a wheel or a shuttle for coniinuoiutiy supportiag 
the plurality of molds. 

s It. The molding process of claim 1 wherein the extruded column is 

cradled to prevent mechanical collapse during the molding process. 

12. The molding process of claim 1 wherein the step of applying negative 
pressure to draw the extruded cerornn comprises the stop of flashing the extruded 

l0 column to the edges of the mold cavity. 

13. The medding process of claim 1 further comprising the 9tep of 
intarnalty inserting a component into the extruded column at a predetermined position 
bo that it will end np at a predetertiuned position of the molded article after the 

13 molding process. 

14. The molding process of claim 1 wherein the predeterrmned surface 
profile of the mold cavity is in the shape of a pallet, so that the molded article is a 
pallet 

20 

15. The molding process of claim 1 further comprising the step of 
internally applying a material to the interior of the extruded column. 

16. The molding process of claim 15 wherein the internally applied 
25 material is at least one fiber type. 
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17. The molding process of claim 15 wherein the internally applied 
material is a fbandng material. 

18. The molding process of claim 1 5 wherein the internally applied 
3 tmtcrial is a thermal set mixture. 

19. Th* molding process of claim 1 wherein the extruded column 
comprises an embedded fiber material and further comprising a step of mixing the 
embedded fiber material within the extruded column so as to produce a random 

10 alignment of the embedded fiber. 

20. The molding process of claim 1 further comprising a step of injecting 
an m-fiU material into an interior cavity of the molded article. 

15 21. The molding process of claim 20 further comprising a step of self- 

scaling the molded article. 

22. The rmlding process of dam 1 farther comprising ft step of applying 
at least one stripe to the extruded polymer column. 

20 

23. The molding pieces* of claim 22 wherein the el least one stripe is 
applied as at least one respective ribbon applied to the exterior of the extended 
polymer column. 
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24, The molding process of claim 22 wherein the at least one stripe 
mtetmpts at least n portion of a ^ of tie extruded polymer column. 

25. A molding process oonrorisiiig the step* of: 

5 co-extmdfng multrplo types of plastic to produce an extruded column having 

multiple layers; 

introduemg the extruded column of plastic into a mold cavity Having a 



predetennhs 

druwing the exterior of the extruded column into CorU^ with the entire 
10 surface profile of the mold cavity, to produce a molded artiele having multiple layers. 

26. The molding process of claim 25 wherein the step of drawing the 
exterior of the extruded column comprises the steps of: 

cn^tmg a region of negative air pressure inside the mold cavity, exterior to tie 

15 extruded column; 

applying the negative air pressute to the exterior of the extruded column, to 
draw the exterior of the extruded column into contact with the entir* surface profile of 
the mold cavity. 

20 27. The rrmlding process of cUdm 25 further comprising a step of 

ru^tainiog a predetonnmed positive internal air pressure within the extruded 
column, to prevent the interior of the extruded column from ooUapsing under the step 
of applying the negative air p 



26 
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28. The moWtag process of claim 27 wherein the positive sad negative a 
pressures ate dynamicaUy controlled throughout the molding process. 



29. The molding process of claim 27 wherein the step of: 
5 pi rx3ctermincd positive internal air pressure comprises the step of forming an 
hollow cavity in the molded article. 



30. The molding process of claim 25 wherein the negative air pressure is 
dynamically controlled throughout die molding process. 

10 

31. Hie molding process of claim 25 wherein at least one of me multiple 
layeraisflclectodtoagroupcomimsmg: a strength layer, a color layer, an anti- 

• skid layer, a fire retardant layer, a barrier protection layer, a hood layer, a foam layer, 
an anti-static layer, a recycled plastic layer, a UV blocking lay**, an insulation layer 
is and a sound layer. 

32. The molding process of claim 25 wherein the extruded column is 
continuously extruded and wherein the mold cavity is formed within a mold mat is 
one of a plurality of molds each having mold cavities, wherein ma molds are 

20 alternately moved into engagement with the extruded column, so as to provide a 
continuous, automated molding process. 

33. The molding process of claim 25 wherein the extruded column is 
cradled to prevent at least one of mechanical stretching and collapse during the 

25 
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34. The moWing process of claim 25 wherein the step of applying negative 
air pressure to draw the extruded column corsprisea the step of flashing the extruded 
column to the edges of the mold cavity. 

5 

35. The molding process of claim 25 wherein the predetermined surface 
profile of die mold cavity is in the shape of a pallet, so that the molded article is a 
pallet 

10 36. Themoldmgprocess of claim 25 further comprising the step of 

internally applying a material to the interior of the extruded column. 

37. The molding process of claim 36 wherein the imemally applied 
material is at least one fiber type. 

15 

38. The molding process of claim 36 wherein the internally applied 
material is o fonrmog material. 



39. The molding process of claim 36 wherein the internally applied 
20 material is a thermal set mixture. 

40. The molding process of claim 25 wherein the extruded column 
comprises an embedded fiber material and Anther comprising a atop of mixing ti 
embedded fiber material wimin the extruded column so as to produce a random 

25 alignment of the embedded fiber. 

28 
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41. The molding process of claim 25 farther comprising a step of injecting 
an mm. material into an interior cavity of the molded article. 

5 42. The molding process of claim 41 furtiior comprising a Btep of self- 

scaling the molded article, 

43. Hie molding process of claim 25 farther comprising a step of applying 
at least on© stripe to the extruded polymer column. 

10 

44. The molding process of claim 43 wherein the at least one stripe is 
applied as at least one respective ribbon applied to the exterior of the extruded 
polymer column. 

15 45. The molding process of claim 43 wbemurae at least one stripe 

interrupts at least a portion of a wall of the extruded polymer column. 

46. A molding process comprising the steps of; 
extrudin g an extruded column of polymer, 
20 internally inserting a component into the extruded column at a predetermined 

position; 

introducing the extruded column into a mold cavity having a predetermined 
snriacc profile; 

molding the extruded column into contact with Hie entire surface profile of the 
25 mold cavity, to produce a molded article j 
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41. The molding process of claim 25 further comprising a step of injecting 
an in-All material into an interior cavity of the molded article 

5 42. The molding process uf claim 4 L further comprising a step of self- 

sealing the molded article, 

43. The molding process of claim 25 further comprising a step of applying 
at least one stripe to toe extruded polymer column. 

10 

44. The molding process of claim 43 wherein the at least one stripe is 
applied aa at least one respective ribbon applied to the exterior of the extruded 
polymer column, 

is 45. The molding process of claim 43 wherein the at least one stripe 

interrupts at least a portion of a wall of the extruded polymer column. 

46. A molding process comprising the steps o£ 
extruding an extruded column of polymer; 
20 internally inserting a component into the extruded column at a predetermined 

position; 

introducing the extruded column into a mold cavity having a predctennincd 
surface profile; 

molding the extruded column into contact with the entire surfiwe profile of the 
25 mold cavity, to produce a molded article; 

29 
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controlling the stop of molding so that components wad tip at a 
predetorniined position of the molded article after the molding process. 

47. The molding process of claim 46 wherein the step of confaolling the 
5 step of molding comprises: 

creating a region of negative ah pressure inside the mold cavity, exterior to the 

extruded column; 

applying the negative air oresHtire to the exterior of tbc extruded column, to 
draw the exterior of the extruded column into confetft with the entire surto profile of 
10 flio mold cavity, 

48. The molding process of claim 47 further comprising a step of 
maintaining apredctenmned positive internal air preside within the extruded 
column, to prevent fee interior of the .Eroded column from collapsing under me step 

15 of applying the negative pressure. 

49, The molding process of claim 48 wherein the positive and negative air 



20 50. The molding process of claim 48 wherein the step of retaining a 

pjedetcrmincd posits comprises the step of forming an 

hollow cavity in the molded article. 

51. The molding process of claim 46 wherein the negative air pressure ii 
25 dyrnmuoaUy controlled throughout the molding process. 

30 
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52, Tho molding process of claim 46 wherein the step of introducing an 
extruded column comprises a step of co-cxtruding multiple types of plastic resulting 
in an extruded colraun having multiple layers, to produce a molded article having 

3 multiple layers. 

53, The inolding process of claim 52 wherein at least one of the multiple 
layers is selected from a group consisting of: a strength layer, a color layer, an anti- 
skid layer, a fire retardant layer, a barrier protection layer, a bond layer, a fbam layer, 

10 an antistatic layer, a recycled plastic foyer, a UV blocking layer, an insulation layer 
and a sound layer. 

54, The molding process of claim 46 wherein the extended column is 
continuously extruded and wherein the mold cavity is formed within a mold that is 

13 one of a plurality of molds each having mold cavities, wherein the molds are 
alternately moved into engagement with the extruded column, so as to provide a 
continuous, automated molding process. 

55, The molding process of claim 54 wherein the plurality of molds are 
20 supported on a continuous support mechanism, 

56, Ths molding process of claim 55 wherein the continuous support 
mechanism comprises at least one of a wheel or a shuttle for continuously supporting 
the plurality of mold. 
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57. The molding process of claim 56 vAercin the extruded column is 
cradled to prevent at least one of mechanical stretching end collapse during the 
molding process. 

5 

58. Hie molding process of claim 46 wherein the step of applying negative 
pressure to draw the extruded column comprises the step of Gashing the extruded 
column, to the edges of the mold cavity. 

10 59 . The molding process of claim 46 whereia the predetermined surface 

profile of the mold cavity i. ki the shepe of a pallet, so that the molded article is a 
pallet 

60. The molding process of claim 46 further comprising the step of 
I s internally applying a material to the interior of the extruded coliunn. 

61. The molding process of claim 60 wherein the internally applied 
material is at least one fiber type. 

Z o 62. The molding process of claim 60 wherein the internally applied 



63. The inoldhig process of claim 6D wherein the internally applied 
material is a thermal set mixture. 
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64, Tbe molding prceess of claim 4<5 whercm fee extruded column 
comprises an embedded fiber material and further comprising a 
embedded fiber ruaterial within the extruded comma so as to produce a 
5 alignment of the embedded fiber. 

65. The maldingprooess of claim 46 further comprising a step of injecting 
an iu-fdl material into an interior cavity of mo molded article. 

I0 66. The molding process of claim 65 further comprising a step of self- 

sealing the molded article, 

67. The molding process of claim 46 further comprising a step of applying 
at least one stripe-to the extruded polymer column. 

15 

68. The molding process of claim 67 wherein the at least one stripe is 
applied at least one respective ribbon applied to the exterior of the extruded 
polymer column. 

zo 69. The molding process of claim 67 wherein fee at least One stripe 

s at least a portion of a wall of the extruded polymer column. 



70. A molding process comprising the steps o£ 
eodrading an extruded column of polymer, 
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inttoducing Hie extruded «*rnm into a mold cavity having a predeteimmed 
surface profile; 

molding the extruded column into contact with the entire surface profile of the 
S mold cavity, to produce a molded article. 

71. The molding process of olaim 70 wherein the internally applied 
material is at least one fiber type. 

jo 72. Ti» molding pwcesaof^ 

material is a foaming material. 

73. The molding process of claim 70 wherein the internally applied 
material is a thermal set mixture. 

IS 

74. A molding process comprising the steps of: 

extending an extmded column of polymer wherein the extruded column 
comprises an embedded fiber material; 

mixing the embedded fiber material within the extruded column so as to 
20 produce a random ahgnment of the ambedded fiber; 

introducing me extended column into a mold cavity having a predetermined 



molding the extruded column into contact with the entire surface profile of me 
mold cavity, to produce a molded article. 
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75. A molding process comprising the steps of: 
extruding an extruded column of polymer; 

totodacing me extruded column into a mold cavity having a prodetenmned 

5 surface profile; 

molding the extruded column into contact with the entire surface profile of the 

mold cavity, to produce a molded article; 

Meeting an in-fffl material into an interior cavity of the molded article. 

10 76. The molding process of claim 75 furtb«r comprising a step of aelf- 

scaling the molded article. 

77, A molding process comprising the steps of: 
extruding on extruded column of polymer, 
is applying at least one stripe to the extruded polymer column; 

introducmgmc extruded column into a mold cavity having a predetermined 
surface profile; 

molding the extruded column mto contact with the entire surface profile of the 
mold cavity, to produce a molded article. 

20 

78. The molding process of claim 77 wherein the at least one stripe is 
applied as at least one respective ribbon applied to the exterior of the extruded 
polymer comma 
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a of claim 77 wherein the at least one stripe 



79. The molding process o 
interrupts at least aportian of a wall «f fce extrudedpolymer column. 
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